San Pasquale Station of Line 6 in Naples: Measurements and Numerical Analyses  by Russo, Gianpiero et al.
doi: 10.1016/j.proeng.2016.06.177 
San Pasquale Station of Line 6 in Naples: 
Measurements and Numerical Analyses 
Gianpiero Russo1, Marco Valerio Nicotera1, and Silvia Autuori1
1Università di Napoli Federico II, Napoli, Italy 
pierusso@unina.it, nicotera@unina.it, silvia.autuori@unina.it 
Abstract
The paper reports some geotechnical aspects of the design and construction of the San Pasquale 
Station, intermediate along Line 6 and located close to the sea and at the same time within one of the 
most fascinating district of the city known as Chiaia borough. The station required an excavation 
deeper than 25 m, almost entirely located in pyroclastic sand below the groundwater table. The main 
shaft is 85.5 m long and 24.1 m large, containing also the whole length of the pedestrian platform 
while a single large section tunnel, built before the excavation of the station shaft, accommodates the 
two operating rail tracks. In the paper monitoring data will be presented and discussed. Settlements 
and horizontal displacements represent certainly very significant outcomes among the observed data. 
Their variations along with time and main construction steps are first of all presented in the paper. The 
monitoring data have also been submitted to a process of careful interpretation based on the use of 
numerical analyses to better understand the interaction of deep excavation with urban area. The FEM 
code Plaxis has been adopted for such a purpose adopting advanced constitutive soil models which are 
available in the code library.  
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1 Introduction 
Napoli is one of the largest city of Italy. The density of population is nearly 2,000 inhabitants per 
square kilometre, the highest in Italy and among the highest in Europe. At the end of 90s Napoli has 
become notorious for its horrendous traffic problems with increasing air pollution, unacceptably long 
travel times in rush hours and negative effects on the public health and economy  (Viggiani et al.;   
2011). 
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In 1997 the Municipality of Napoli approved a new City Transportation Plan, that has led to a 
significant pressure for the construction of new underground train lines, stations and car parks. 
Metropolitana di Napoli, or Napoli Underground, is the metro system serving the city, including at 
present six underground rapid transit railway lines, a commuter rail network and four funicular lines, 
with planned upgrading and expansion works underway. Among the six already operating lines some 
are experiencing a substantial development with new stretches under construction. 
One out of these is the Line 6. When completed according to the current design state Line 6 
(Figure 1) will connect the Western borough of Bagnoli to the city centre at Municipio station, with a 
total length of 8 km and 12 stations. The full line can be broken down into 3 stretches: 
• the stretch between Mostra and Mergellina stations, partially connecting the borough of 
Fuorigrotta to the city centre, is already operating; 
• the stretch between Mergellina and Municipio stations is presently being constructed; 
• the stretch between Mostra and Porta del Parco stations is under design. 
In the following, attention will be focused on the design and the construction problems of San 
Pasquale station of Line 6. 
2 San Pasquale Station 
The station is intermediate along the new stretch of the line under construction and is located in a 
crowded area which is a sort of fashion district (Figure 1).  
The main body of San Pasquale station has a rectangular shape in plan of 85.50 m × 24.10 m and 
the maximum excavation depth is approximately 27 m (26 m underground water table) (Figure 2). The 
longer side of the station is parallel to the longitudinal tunnel axis and the closest buildings are all 
located on the north side keeping approximately a unique alignment which is again parallel to the 
longer side of the station. The main shaft contains the passenger platforms and eliminates the necessity 
of excavating platform tunnels underground. 
The excavation is supported by T-section diaphragm walls made by reinforced concrete and built 
using huge hydromill equipped with a 90° rotating head. Each panel of the diaphragm walls were built 
by intersecting two separate rectangular excavations. The total depth of each panel is about 50 m in 
order to obtain a substantial embedment in the Neapolitan Yellow Tuff formation (NYT). The first 
stretch of the panel was excavated under the protection of Cutter Soil Mixing (L’Amante et al, 2012). 
A fully top-down construction process was chosen for the station in order to avoid the complexity 
of  drilling ground anchors at large depth below groundwater table.  The diaphragms have  been  
executed first, leaving soft eyes with fiberglass reinforcement bars to be drilled by TBM.  The passage  
of  the TBM  was the second main  step while the excavation of the station was executed as the final   
step  and  required the demolition of the tunnel  lining within the station area.  Geotechnical 
investigations were carried out at the design stage in the area occupied by the station which is 
approximately 2000 m2. The site is inserted in an urban area bounded by historical buildings on the 
north side and by the sea with the interposition of a public garden on the South side. The area is  
relatively flat with the ground level located between +2 and +2.30 m a.s.l.. The groundwater table lays 
at +1.30 m a.s.l..  
Geotechnical tests were programmed and executed both in situ and in lab.  Boreholes with 
continuous coring and Standard Penetration Tests were initially carried out as usual. Samples to be 
submitted to laboratory tests were retrieved.  Further site  investigations consisting in CPTs, 
Dilatometers test and Cross Hole tests were subsequently carried out. The plan view of site 
investigations is shown In Figure 3 and the boreholes with the main information retrieved are 
summarized in Table 1.  
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Figure 3: Plan view of site investigations.
Figure 4: Stratigraphy of San Pasquale site.








CPT Cross-Hole SDMT 
B87 3,4 25 1 5    
S196 2,3 39,5 2 4    
S197 2,3 39,5  5    
S198 2,3 45 1 5    
S199 2,3 45 1 5    
S227  31 1 8    
P3 2,6 35  6 x   
P4 2,6 35  6 x   
P5 2,6 43,5   x   
S1 2,23 44,5  8    
S2 2,06 45  9   x 
SG1 2,27 45  9    
SG2 2,27 49  9    
SG3 2,27 52,5  9    
SG4 2,29 43  8    
SG5 2,03 41  8    
SG6 2,37 45      
SG7 2,29 41,5  8    
SG8 2,01 50  9   x 
SASP1 2,3    x x  
SASP2 2,4    x x  
SASP3 2,2       
SASP4 2,5       
SASP5 2,4       
SASP6 2,3       
Table 1: Boreholes and information retrieved. 
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during the main excavation. The main purpose of this study is to obtain the best interpretative 
model that allows to capture the effects induced by the excavation inside and outside the station. 
STEP DATA WORKS 
Depth of excavation (m asl) Dewatering (m asl) other 
1 9/15/08   Diaphram wall 
2 8/27/09 Archeological excavation -4  
3 5/10/10  Dewatering test (-22)  
4 7/11/10 Main excavation -7 -10 TBM and cover slab 
5 3/23/11  Main excavation -9 -12  
6 12/24/11 Main excavation -12 -25  
7 1/21/12 Main excavation  -15 -25  
8 9/12/12 Main excavation -25 -29  
9 9/29/12 Sea side excavation -9 -29  
10 12/27/12  -25 Bottom slab 
11 10/23/13 to 7/24/14 Building side excavation -13 End of pumping 23/10/2013  
Table 2: Main construction’s steps 
Figure 7: Plan view of monitoring system.
Figure 8: Excavation depth and groundwater.
Figure 9: Ground benchmarks data. Figure 10: Building benchmarks data. 
  A FEM model was implemented referring to the transversal cross section of the station shaft.  
Figure 13 shows the cross sections adopted for the 2D parametric analyses. The geometry of the full 
box used for the fem calculation is such (250 m x 90 m)  to minimize the edge effects. The subsoil 
layered model consists of 4 layers: the layers labelled A, B, C and D correspond to those already  
Ecxavation level of main shaft
Excavation level of sea side shaft
Excavation level of builing side shaft
Maximum water level inside the main shaft























Fase 1  2 3  4 5 7 8 9 10 116

































































































































































6,5 26,8 56,6 67,3 78,6 85,3 91,5 102,5 112,4 120,220,2 37,9 49,7
564 12 16 24 28 32 36 44 48 60 68 72 76 808 40 52 64 8884 92 96 108104 116 120100 11220
0
124































































564 12 16 24 28 32 36 44 48 60 68 72 76 80
19,7 33,4 40 51,1 62,9 69,8 80,5 91,8 98,6104,75
8 20 40 52 64 8884 92 96 108104 116 120100 112
13,2










































































































































uence.  In thi
atering test 
ft (step 11) ar
els P13 (sea 
parison of th
phragm  wall
 base. The ag
ference betw
ximum value
. This value c










ed to be 3 ti
ing stiffness
f  qc. For th
 (Russo et al
ists   of  24 st
s paper, for o
(step 3) and a
e described. I
side) and P74
e  results  wi
s is greatly  in
reement is rat
een maximum










e model was 





eps in order t
bvious reason























igure 4. As re
attributed to t
e CPT shown
e of the aver
med twice th
layers the lin







he depth of t
ry and of cour
and measured














 3: Soil parame
: Zoom view o
gards to the m
he upper laye




 the  main so
s realistically 
ss, only the r
ring and the 
ntal displacem
ented in Figu
nfirms  that t
he bedrock w












f the Mesh . 
echanical beh
rs of the loose
n particular th
stance qc with







res 14 and 15
he deformatio












avior of the s
 soils and rig
e secant stiff
in the layer.




d at the end o
aling of the m
 and calculat
 respectively.
n behavior  o
 rigid constrai
ing purposes.
about 20%.  






















































the end of 
Conclu




































ments of the 
m calculated
 settlement c
he 24 mm re
ement. In term
s
., Russo G., N
San Pasqua
. 












 of the Naple
ent calculated
meter P13 and 
 for the step 3.





























e city of Nap
t among  the 
ngs. The num
torily the beh














., Corbo A., 
the Toledo s





d of the excava
oli to build 
other geotech
erical analys




t is 22mm at
y on the grou

















a new line o
nical difficult
is of the exca
xcavation pro
ence of the g
ose measured
bout 20%. Th
 the end of st
nd benchmar
greement is 1












ter P13 and P7
ing  for the step
f the undergr
ies in area  w
vation of the
cess for all ph
round surface
. . The differ
e maximum v
ep 11. This v



































San Pasquale Station of Line 6 in Naples: Measurements and Numerical Analyses Russo et al.
1510
